Purpose: The purpose of this study was to evaluate the workstation disinfection rates and hand hygiene of radiologists and trainees at shared departmental workstations and assess the impact of education and reminder placards on daily habits. Methods: A 10-question survey was administered to all staff radiologists, fellows, and residents at our institution. The questions pertained to workstation disinfection, hand hygiene habits, and accessibility to disinfectant wipes and hand sanitizer stations. Subsequently, a short educational PowerPoint presentation was emailed to the department and small reminder placards were placed at each workstation. A followup survey was administered. Chi-square and Wilcoxon signed-rank tests were used to analyse the results. Results: The percentage of participants who disinfect their workstations 1-2 times/week, 3-4 times/week or everyday increased from 53.4% (45 of 84 participants) to 74.3% (55 of 74 participants; P ¼ .01), while the number who disinfect their workstation <1 time/week or never decreased from 46.4% (39 of 84 participants) to 25.7% (19 of 74 participants; P ¼ .01). Hand washing before working at the workstation increased from 41.6% (35 of 84 participants) to 48.7% (36 of 74 participants; P ¼ .76) and hand washing after working at the workstation increased from 50.0% (42 of 84 participants) to 56.8% (42 of 74 participants; P ¼ .49). Conclusions: At our institution, the implementation of daily reminder placards at each workstation and the administration of an educational PowerPoint presentation improved the rate of radiologist workstation disinfection.
For decades, hand washing and disinfection of medical equipment have been a primary defense in preventing the spread of infection within hospitals [1] . Multiple studies have shown the potential for pathogen transmission via physician clothing, hospital scrubs, laboratory coats, pagers, stethoscopes, and otoscopes [2e5] . With widespread use of electronics in the health care setting, there is increasing recognition that these devices provide new vectors for microbial transfer. Bacterial contamination rates as high as 100% have been shown on computer keyboards, iPads, and mobile phones [6e9]. This is concerning for hospitals in terms of preventing spread of infection from patient to patient, but also in limiting infection of health care workers and their families [8] .
Hospital hand hygiene audits tend to focus on high-traffic areas such as the intensive care unit (ICU) and Emergency Department, while less busy areas such as the Radiology Department often receive little attention. One previous study examined bacterial contamination of portable chest radiographic plates and showed that multiresistant bacteria were frequently transferred from patients to the radiograph machine when improperly disinfected [10] . A separate study found that typical dermal bacteria frequently contaminate computed tomography power injector syringes after multiple uses and therefore only single-use syringes should be utilised [11] . Duszak et al [12] showed that radiologist workstations had bacterial colonization counts significantly greater than nearby restroom toilet seats and doorknobs. They also demonstrated that using inexpensive disinfection wipes nearly completely eradicated bacterial contamination [12] .
The degree of bacterial contamination of the radiologist workstation is potentially significant given that radiologists spend nearly the entire day at the workstation. Radiologists may encounter potential pathogens from a number of sources, such as elevators, door handles, washrooms, or the cafeteria, and may unknowingly contaminate their workstation. Anecdotally, we know that many radiologists regularly eat and drink at the workstation, and some use the dictaphone in very close proximity to their mouth. Radiology reporting stations are also commonly shared. These factors may increase the risk of microbial transfer from the workstation to the radiologist.
At our institution, the workstations are shared on a day-today basis, and there is no current protocol mandating workstation disinfection. It lies at the personal discretion of the radiologist or trainee to decide whether any disinfection occurs. In this single-institution practice quality improvement project, we aimed to investigate the workstation disinfection rates and hand hygiene habits of both radiologists and trainees at shared departmental workstations, and to assess the impact of an education campaign and use of reminder placards at workstations on daily habits.
Materials and Methods
Ethics approval was obtained from our institutional review board. In January 2014, an e-mail was sent to all radiology staff, fellows, and residents at our hospital (a tertiary-care, academic institution) containing a brief explanation of the study and a hyperlink to a 10-question internetbased survey. Participation was entirely voluntary. Responses were recorded over a 2-week interval with a single reminder e-mail sent at the 1-week point. All results were anonymous aside from the level training of the participant (ie, staff, fellow, or resident). The survey was designed to assess if radiologists were regularly eating or drinking at their workstation (which would suggest an increased risk for hand or mouth interaction), ascertain the initial frequency of workstation disinfection and hand hygiene habits, and also to assess the accessibility to disinfectant wipes and hand sanitizer stations. Table 1 depicts all questions and possible answers in the first survey.
Subsequently, after the first survey polling was complete, a short educational PowerPoint presentation (Microsoft Corporation, Redmond, WA) describing the risk of bacterial contamination of the radiologist workstation and impact of hand hygiene habits on spread of nosocomial infections was presented to the radiologists, fellows, and residents. The presentation encouraged the use of hand sanitizer before and after using the workstation, as well as disinfecting all parts of the workstation using commercially available disinfectant wipes. In addition, small placards made of bright yellow paper stating, ''Did you disinfect your workstation today?'' were placed at each departmental workstation. We also increased the number of portable hand sanitizer bottles and disinfectant wipe canisters in the reading rooms, making at least 1 bottle and 1 canister present in every reading room (each room contains between 1 and 8 workstations). Exactly 6 weeks after the administration of the educational PowerPoint presentation and placement of placards, a follow-up 10-question survey was emailed to all radiologists in March 2014 (see Table 2 ). This subsequent survey contained questions to gauge whether respondents had watched the educational PowerPoint presentation and whether they had noticed the new placards at the workstation. The participants were given 2 weeks to respond, with a single reminder e-mail sent at the 1-week point. The results from both surveys were recorded. The rates of hand washing before and after using the workstation were compared using a chi-square test and rates of workstation disinfection were compared using a Wilcoxon signed-rank test. Differences with P values <.05 were considered statistically significant.
Outside of the survey results, we also sought to obtain the number of sick days taken by staff radiologists in the 2 preceding years and to compare those with the sick days from the year of the study (2014) to see if our interventions had any measurable impact.
Results
Response rate for the first survey varied with radiology residents at 89% (25 of 28 participants), staff radiologists at 76% (47 of 62 participants), and radiology fellows at 60% (12 of 20 participants). The total response rate was 76% (84 of 110 participants). The second survey had a comparable response rate with 24 residents, 41 staff radiologists, and 9 fellows for a total response rate of 67% (74 of 110 participants) ( Figure 1 ).
Ninety-eight percent (82 of 84) of respondents regularly drank coffee, tea, or other beverage at the workstation, while 70% (59 of 84 participants) regularly ate a snack. Forty-six percent (39 of 84) of respondents ate lunch at the workstation on a regular basis. According to the first survey, 66% (55 of 84) of respondents were more likely to disinfect their workstation during cold or flu season.
Interestingly, 100% (84 of 84) of the respondents had never received any instruction on how to properly disinfect their workstation. The initial survey showed that in the 4 weeks prior to taking the survey: 26.2% (22 of 84 participants) disinfected every day, 10.7% (9 of 84 participants) disinfected 3-4 times/week, 16 .7% (14 of 84 participants) disinfected 1-2 times/week, 22.6% (19 of 84 participants) disinfected <1 time/week, and 23.8% (20 of 84 participants) never disinfected. These rates significantly improved following the educational PowerPoint presentation and installation of the reminder placards. The second survey results showed 32.4% (24 of 74 participants) disinfected every day, 27.0% (20 of 74 participants) 3-4 times/week, 14.9% (11 of 74 participants) 1-2 times/week, 13.5% (10 of 74 participants) <1 time/week, and 12.2% (9 of 74 participants) never disinfected (P ¼ .03) ( Figure 2 ). If the answers are subdivided into 2 groups, with the first group consisting >1 time/week, and the second group consisting of <1 time/week or never, the degree of improvement is more pronounced. The percentage that disinfected >1 time/week increased from 53.4% (45 of 84 participants) to 74.3% (55 of 74 participants), while the number that disinfected <1 time/week or never decreased from 46.4% (39 of 84 participants) to 25.7% (19 of 74 participants; P ¼ .01) ( Figure 3) . The components disinfected also increased following the education and reminders. Those who initially were disinfecting included most components of the workstation, such as the keyboard (89.1%), mouse (92.2%), desk surface (82.8%), dictaphone (87.5%), and telephone (71.9%). However, even with those high percentages, there was a trend towards improvement following education with disinfection rates increasing for all components: keyboard (98.5%), mouse (98.5%), desk surface (87.9%), dictaphone (93.9%), and telephone (84.9%).
Conversely, improvement in hand hygiene was disappointing. The first survey showed that 41.6% (35 of 84) of radiologists washed their hands before working at the radiology workstation, which increased to 48.7% (36 of 74 participants) on the follow-up survey (P ¼ .76). The estimated relative risk was 1.08 (95% confidence interval: 0.77-1.52). Similarly, 50.0% (42 of 84) of radiologists washed their hands after working at the workstation, which increased to 56.8% (42 of 74 participants; P ¼ .49). The estimated relative risk was 1.14 (95% confidence interval: 0.85-1.52). The results did not meet statistical significance. Hand sanitizer stations were declared readily available always or often 63.1% (53 of 84 participants) of the time, while only sometimes or never available 36.9% (31 of 84 participants) of the time.
Part of the second survey attempted to ascertain the impact of the educational PowerPoint presentation and the new placards. Seventy-six percent (56 of 74) of respondents voluntarily viewed the short educational PowerPoint presentation and 95% (70 of 74 participants) took notice of the new placards at each radiology workstation stating, ''Did you disinfect your workstation today?'' The interventions had a varying impact with participants stating that the PowerPoint only (6 of 74 participants ¼ 8.1%), the placard only (19 of 74 participants ¼ 25.7%), and both the Power-Point and placard (29 of 74 participants ¼ 39.2%) increased the likelihood of disinfection. Another 13.5% (10 of 74 participants) stated that the interventions had no effect because they disinfect their workstation all the time anyway, and 13.5% (10 of 74 participants) said no effect because they never disinfect their workstation.
Another question of the follow-up survey asked, ''who do you think should be responsible for disinfecting the radiology workstation?'' Respondents answered housekeeping staff (28 of 74 participants ¼ 37.8%), individual radiologists (39 of 74 participants ¼ 52.7%), and disinfection is not necessary (7 of 74 participants ¼ 9.5%).
After gaining departmental approval, we obtained the number of sick days claimed by staff radiologists for the 2 preceding years (2012 and 2013) and compared it to the number of sick days from the year of the study (2014). For 2012, the number of sick days was 2.93 days/staff; for 2013, 1.86 days/staff; and for 2014, 1.09 days/staff.
Discussion
Bacterial contamination is recognized as a nearly ubiquitous entity in the hospital environment [2e8]. Previous research has focused primarily on hand hygiene and bacterial contamination of vital areas of the hospital, such as the ICU [13, 14] . Few studies have addressed bacterial contamination in the radiology department, with a single paper studying portable chest radiographic cassettes [10] and another examining computed tomography power injectors [11] . Duszak et al [12] demonstrated higher bacterial colony counts at the radiologist workstation compared to nearby restroom toilet seats and doorknobs. They also showed that use of disinfectant wipes nearly eradicated all demonstrable bacterial colonization.
The high rates of bacterial colonization of the radiologist workstation are not entirely surprising. In many large academic institutions, radiologists, fellows, and residents use shared departmental workstations. Even within the same day, staff radiologists may review with multiple trainees and interact with upwards of 4 different workstations, potentially spreading bacteria from one to the other. At our institution, radiologists are responsible for any disinfection of the workstation that they deem necessary. The housekeeping staff generally only enters the reading room to empty the garbage or mop the floor and do not disinfect any of the workstations. As our survey showed, at least a third of survey respondents felt that the housekeeping staff should play a role in disinfecting the workstations and this may be implemented as a new initiative in the future.
It is important for radiologists to focus on both hand hygiene and workstation disinfection. Basic hand washing before using the workstation would reduce microbial transfer from outside entities via the radiologist to the workstation. Commercially available hand sanitizer stations are already widely used in many areas of the hospital. These can be installed at the entryway to each reading room for easy access. Alternatively, portable hand sanitizer pumps can be placed within each reading room if permanent dispensers are not possible. We are fortunate at our hospital to have hand sanitizers within close walking distance of nearly all workstations. Workstation disinfection can be easily accomplished using hospital-grade germicidal, bactericidal, and fungicidal disinfectant wipes that are commonly used to disinfect other hospital surfaces and equipment. Disinfection should ideally include the keyboard, mouse, desk surface, dictaphone, and the chair armrests. The whole process should take 2-3 minutes in our experience (including wiping time and drying time).
In 1 study, ongoing visual reminders and increased accessibility to disinfection materials increased physician compliance to stethoscope disinfection [15] . Another study in the ICU showed that computer screensaver reminders improved hand hygiene habits [16] . In our study, we showed that a short educational PowerPoint presentation and small prominent reminder placards at each workstation influenced radiologist behavior and increased the degree of workstation disinfection. An online screensaver equivalent to the placard may be a more environmentally sound initiative for future implementation.
We observed a 7% increase in hand disinfecting before working and a 7% increase in disinfecting afterwards, although the results did not meet statistical significance. It is possible that our interventions led to a small increase in each case, but our small sample size did not have adequate power to detect it. Unfortunately, it is also possible that there was no real increase. Our data suggest that any increase that exists was small. We theorize that many respondents did not wash their hands before working at the workstation as people often come from home and assume that their hands are already clean and therefore do not bother rewashing their hands when they get to the workstation. While this may be true to a certain degree, there is a high probability that any individual would need to touch hospital surfaces, such as door handles or elevators, to get from outside to the reading room and thereby increase the risk of contamination. Similarly, respondents may leave the workstation at the end of the day without washing their hands until they get home; however, they may inadvertently contaminate themselves, others, or objects in the process. For this reason, it is likely most effective if hand sanitizer stations are placed right beside the entrances or exits of the reading room with a sign to encourage good hand hygiene.
In the comments portion of the second survey, some of the respondents who never disinfect their workstation stated that they did not believe in the danger of bacterial contamination of the workstation. One person thought that disinfection was a waste of time and resources, and that bacterial contamination is a normal part of life. While this may be the case outside of the hospital, we feel that the risk of contaminating the radiologist workspace with potential hospital-related pathogens should be reason enough to take a few minutes for good hand hygiene and disinfection practices.
A central limitation to our study is the voluntary nature of the survey responses. Those who responded may be more interested in hand hygiene and workstation disinfection and are potentially the people who are more likely to actively disinfect or wash their hands. Although this could possibly skew our results, the degree of improvement following intervention suggests this effect may be limited. Additionally, the previously described study by Duszak et al [12] showed workstation bacterial contamination, but failed to determine the actual clinical impact of colonization on patients. Interestingly, our brief examination of the number of sick days taken by the staff radiologists suggests a decrease in the number of sick days during the period of the study (study began in January 2014); however, the sample size is too small to determine whether this is a true decrease or an anomaly over the 3 years sampled. Our study did not address if there are any negative outcomes related to patients associated with not disinfecting the workstation. Some of our participants raised concerns about killing nonpathogenic bacteria, clearing the way for more sinister organisms. To our knowledge, this has not been studied in the context of a computer workstation. We did not examine the impact of constant disinfectant use on the electronic equipment, but at this point there has been no noticeable degradation of any component. It should be noted that this was a single institution audit and results may vary depending on the hospital.
Since the interventions were instituted, multiple radiologists have commented on the change in daily routine with more emphasis placed on disinfection and hygiene. We hope that these changes will be permanent and that hand washing and disinfection rates will only increase. Future directions include repeating the practice quality improvement process to reassess the hand hygiene and disinfection rates and for ongoing education. We would also like to expand the project to include other departmental workstations used by technologists and other staff outside of the radiologist reading rooms.
Conclusions and Take-Home Points
At our institution, the implementation of reminder placards at each workstation and the administration of an educational PowerPoint presentation improved the rate of radiologist workstation disinfection. Hand washing rates did not significantly increase. Following our interventions, the number of staff radiologist sick days per capita decreased compared to the 2 previous years.
